DNA Barcodes and Identifying
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ldentifying Life

OUR PLANET: - OUR MIND:

Home to approximately Able to recall & recognize
10-100 million species. perhaps 1000 species.




Estimated biodiversity:
10 million to
100 million species
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What and where is the COI gene?

Mitochondrial ____ _‘Lij
JW \ D-Loop Small ribosomal RNA FPSETEE A R TE
i NN Large TTRCTRET YT
SN Cyth ibosomal RNA n |
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ND6

Mitochondria are cellular
organelles that contain their
own stands of DNA ND35
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COI electropherograms
provide a means of verifying
key differences between
species

"col

ND3 conu
COmnl \ ATPase subunit8

ATPase subunit6

COl is a mitochondrial protein coding gene necessary for
oxidative metabolism.
Higher rates of 3rd position substitutions than amino
acid composition changes; assumed modest rate of
evolution at 2% divergence per million years.



DNA barcoding is based on the use of a short, standard
region that enables cost-effective species identification

* Cytochrome c oxidase | (COl) has e A e TR

become standard for animals LN
* “Folmer region" at the 5' end of gene wm
* closely related species often differ by ... £

several percent
* smaller N, means gene coalesces A<
(sorts) more quickly

* marker for both within species
structure and among species structure
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Horizontal Genomics — one gene for
all species




DNA Barcoding: The Analytical Chain

-

Specimen
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SYSTEMS

The Barcode of Life Database is designed to support the generation and application of DNA Barcode data. The platform consists of three main modules, a data portal, a database of barcode clusters,

and data collection workbench.

Public Data Portal
y Portal
Public : rtal

A data reneval intertace that allows for searching
over 1.5M public records in BOLD using multiple
Search critgria including, but not limited to,
geography, laxenomy, and deposilony.

4 searchable dalabase of Barcode Index
MNumbirs (BINs), sequence cluslers hat dosely
approximate species,

An integrated data coflection and analysis
emdronment thal securely Supports the assembly
and validation of DMA barcodes and ancillary
gequences.
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BOLD — Specimen Data

the animal kingdom

Barcodes of Life

Name : Adhemarius ypsilon Image :02-SRMP-18073-DHI35550.jpg - Dorsal Yiew

Name : Adhemarius ypsilon Image :02-SRMP-18073-DHI35551.jpg - Ventral Wiew

-

the animal kingdom

Barcodes

SPECIMEN DATA -sphingidae of Costa Rica

Identification :

Specimen Accession @

Specimen Label =

Sex :
Reproduction :
Life Stage :

GP5 Latitude :
GP5 Longitude :

Elevation [meters) :

Country :

State /Province :
Region :

Sector :

Site :

Adhemarius ypsiion

02-SRNP-9473
adhemarius ypsilon

Male
Sexual
Adult

10,9255
-85.4716

Costa Rica
Guanacaste

4 Collection Location [click on image to zoom]

Museum Accession :
Institution Holding :

Collector :
Date Collected :
Identifier :

Common Name :
Taxonomy :

Notes :

0Z-SRNP-9473
Srnithsonian Institution
Unknown

2002-07-21

Dan Janzen

phylurm - Arthropoda

class - Insecta

order - Lepidoptera

family - Sphingidae

genus - Adhemarius

species - Aghemarius posion

43

Dorsal Yiew

Click on immage to view images at larger size




Sequence Data

' Madel 277 13-TZEMA 238-03 Signal G117 A154 T:91 S:178
AHA Yersion 2.3 BF1 ODT377 BOW3 wZmob
LR-277 TZEMA 238-03 214EDvE
YWersion 3.3.1k02 Lane 13 Points 1320 to 15200 Pk 1 Loc:
CTTRIRCTTRATCTTT G GOECT TGAGCCGEGCATAGTTG GmC‘ TGCCCT TAGCC TACTC the animal kiﬂgﬂﬂ[‘"
10 z0 an - 50 Barcodes of Life

SEQUENCE RELATED DATA. -eirds of North America

Specimen Name : Accipiter striatus Translation Matrix : Yertebrate Mitochondrial Code
Specimen Accession: 1B-3242 Electropherogram :  Forward {(BF1)
[CTTCG TAATAAT TTTC TTCATAGTTATACCAATCATAATTGEGE AGGEC T Sequence ID : TZBMAZ35-03
14a 150 160 170 1Bd
Primer Name : A - Count: 181 G- Count: 105
5" Prinmer : T-Count: 192 C-Count: 215

3" Primer :

Sequence Length : 593 AT - Content: GC - Content : 46.2%
53.8%
| Nucleotide NMHTTATACTTAATCTTTGGCGCTTGAGCCGGCATAGTTGGCACTGCCCT TAGCCTACTCATTCGCGCAGAACTTGGE
Sequence : CAACCAGGCACACTCCTAGGCFATGACCARAT CTATAATGTTATCGT CACCGCACATGCCTTCGTAATAATTTTCTTE
P AGC T TCTGAC TACTCCCCCCATCAT TCCTCCTC TTACTAGCCTC ATAGTTATACCAATCATAATTECAGECTTCECARLCTCACTCGTCCCGCT CATARTTEEC FCTCCTEATATAGCTTTE
50 260 270 2E0 230 CCACGTATAAATAACATAAGCTTCTGACTACTCCCCCCATCATTCCTCCTCTTACTAGCCTCTTCAACAGTAGAAGCA

A A A CE AT CAACTETC TACCCTCCAT TAGC TECTAATATAGCCCATCCCGCAGCCTCAGTAGACCTAGCT
ATCTTCTCACTACACC TAGCAGGAAT TTCATCCATCCTAGGEGCAAT TAACTTTATCACAACCGCTATTALCATARARA
CCCCCTGCCCTE T AATAC CAA A CACCCCTATTCGTATGATCCGTCCTCATCACTGCTGTCCTCCTACTACTCTCA
CTACCAGTCCTAGCTGC TGO AT TAC TATAC TAC TAACAGAT CCAARCCTCAATACAACATTCTTCGATCCTGCTGET
A GG AL TAT O TATAT CAACACCTCTTCT AT TCTTC FLACACCCAGAAGTCTACATTCTCATTCTA

Amino Acid —LYLIFGATACHMVGTALSLLIPAELGOPGTLLGDL QI IVTAHAFVHIFFIVHPINIGGFGHWL WP LI GAPLMAF
| Sequence : PEMMNMMEFULLPPEFLLLLAS STVEAGAGT G TV Y PP LAGHMAHAGASVD LATFELHLAGISEILGATNFITTAINME
PPALSQYQTPLFVIISVLITAVLLLLELPVLAAGITHLLTD PN LN T TFFD PAGGED PILYOHLFWFFGHPEVYILIL

W TG CC GG AGC CTCAGTAGACC TAGC TATCT TCTCACTACAC C TAGCAY

370 1|0 100 400 4] Hustrative DNA barcode :
] a5
DA T e N EI bR SR ERE
331 BE4
A E T R CVEE TS A

GBS (37




REALITY OF DNA
BARCODING

erflies, Saturniidae and Sphingidae.



Four pairs of overlooked Area de
Conscrvacion Guanacastc (ACG) specics
flushed out of the inventory by barcoding.
Top to bottom: left, Prepona demodiceDHJO1
(caterpillars cat Chrysobalanaccac); right,
Prepona demodiceDHJI02 (caterpillars

eat Fabaceac); left, Cocytius luciferDHJO01
(caterpillars found in ACG dry forest);

right, Cocytius luciferDHJO02 (caterpillars
found in ACG rain forest); left, Udranomia
kikkawaiDHJO1 (caterpillars found in ACG
dry forest); right, Udranomia
kikkawaiDHJ02

(caterpillars found in ACG rain forest);

left, Facles impenalisDHJO1 (caterpillars
found in ACG rain forest); right, Facles
impcrialisDHJ02 (caterpillars found in ACG

dry forest).

D.H. Janzen, et Al . (2009) Integr ation of DNA Bar coding
into an inventory of conpl ex tr opical biodiver sity.
Mol ecul ar Ecol ogy Resour ces 9 (Suppl .1), 1-26.
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Raja australis|kajidae
Raja australis [Rajidae
Raja australis|rajidas

Raja cerva|kajidae
Raja sp.i|Rajidae
Raja sSp.A|Rajidas
Raja sSp.2|Rajidas

Raja sp.2 |Rajidas
Raja sSp.i|Rajidas
FRaja whitleyi|rajidae

Raja whitleyi|Rajidase
Rajidae

[Raja whitleyi|Rajidae
Raja whitleyi|Rajidae
callorhinchus milii|callorhinichidas
Icallorhmchus milii|callerhinichidae
'-Callorhlnchus milii|callorhinichidas

Ix(aja whitleyi

callorhinchus milii|callerhinichidas
callorhinchus milii|callorhinichidae
Trygonopkera |Urolophidas
Trygonoptera |Urolophidas
Trygonoptera |Urolophidas
Trygonoptera |[Urclophidas
Trygonoptera |Urolophidas
Trygonoptera sp.B|Urclophidas
Trygonoptera sp.B|urolcphidas
Trygonoptera sp.B ‘Urolophidae
Trygonoptera sp.B|Urolophidae
Trygonoptera sp.B|Urolophidas
J—rhynchobatus australiae|Rhynchcbatidae
1 IRhynchobatus australiae|Rhynchobatidae
Rhynchobatus australiae|Rhynchobatidase
|Trygonorrhina Sp. & |Rhinobatidae

Trygonorrhina sp.a|Rhincbatidas
1Trygonorrh1na Sp. A

Rhincbatidas
Trygonorrhina sp.a|Rhincbatidas
Himantura fai|Dasyatididae
Timantura fawvus|Dasyatididae
_I J=Himantura jenkinsii|Dasyatididae
®=imantura jenkinsii |Dasyatididae
imantura gerrardi|Dssy@t1d1dse
I lﬁlmant,ura gerrardi|Dasyatididae
Dasyatis|Dasyatididae
imantura sp.a|Dasyatididae
imantura toshi|Dasyvatididae
imantura teoshi |Dasyatididea
imantura toshi|Dasvatididae
imantura toshi|Dasyatididae
imantura toshi|Dasyatididas
lf[lmantura uranakoides |Dasyatididae
imantura uranakcides |Dasyatididas
r— a5 kuhlii|Dasyatididae
acyatis leylandi |Dasyatididas
asyatis leylandi |Dasyatididas
asyatis leylandi|Dasyatididas
asyatis leylandi |Dasyatididas
asyatis leylandi |Dasyatididaes
Joasvatis fluviorum|Dasyatididas
"Dasyatis fluviorum|Dasyatididas
Pastinachus sephen|Dasyatididas
Pastinachus sephen|Dasyatididas
Pastinachus sephen|Dasyatididae

J=retomylasus maculatus|Mylicbatidae [ ] L]

Vanetomylacsus maculatus|Mylichbatidas

My licbatis australis|Mylicbatidae

Myliobatis australis |[Myliobatidae

lickatis australis|Myliobatidae
IMle.obatls australis|Mylickatidas

Rhinoptera neglecta|Mylichatidae

rGyrnnure australis |Gymnuridas -
ura australis|cGymnuridaes O
ura australis |Gymnuridas 0

ura australis [Gymnuridae
ura australis |[Cymnuridae
Urclophus cruciatus [Urclophidas

rolophus cruciatus [Urolophidas [ ] [ ] [ ]
— rolophus cruciatus |[Urolophidas 0

rolophus cruciatus [Urolophidas
1 rolophus cruciatus [Urclophidae n

rolophus paucimaculatus |Urolophidas
Urolophus paucimaculatus |Urol ophidae

Urclophus paucimaculatus [Urolophidae »
uUrolophus paucimaculatus |[Urolophidae 0
Urcleophus paucimaculatus |[Urclephidas
Urolophus westraliensis|Urolophidae n
Urclophus westraliensis|Urolophidae
Urolophidae

Urclophus westralisnsis
IUrolophus westraliensis|urolophidae
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{— o Bartramia longicauda Upland Sandpiper

., : -
{. Numenins americana  Long-billed Curlew

[ & Numenius phaeopus Whimbrel

Bird Identification

J|: Eimnodromus griseus  Short-billed Dowitcher
1 %: Limnodromus scolopacens  Long-billed Dowitcher
=) :: Phalaropus fulicarins Red Phalarope t h rO u g h D NA

f_: Phalaropis tricolor Wilson's Phalarope

® Tringa flavipes Lesser Yellowlegs
o  Tringa melanolenca Greater Yellowlegs

.
LE Tringa solitaria  Solitary Sandpiper
.

Jr: Callinago delicala  'Wilson's Snipe

= .. : .
o Limasa fedoa Marbled Godwit
. ——
El Limosa haemastica  Hudsonian Godwit
L] : .
—[. Limosa lapponica  Bar-tailed Godwat
,—.:I: Arenaria interpres Ruddy Tumstone
s Aremaria melanocephala  Black Tumstone

: Aphriza virgata  Surfbird

Tringa selitaria  Solitary Sandpiper

i: Actitis macularia  Spotted Sandmper

- & Calidris canuns  Red Knot

: Calidris alpina  Dunlin

: Calidriz alha  Sanderling

W e : W ¥ A
o Calidris fuscicollis 'White-ramped Sandpiper
o Calidris himantopus  Stult Sandpiper

:( ‘alfdris minutiffa  Least Sandpiper

Calidriz mouri  Western Sandpiper

: Calidris pusilla  Semi-palmated Sandpiper

Calidris melanotes  Pectoral Sandpiper
Divergence
: Calidrix bairdii Baird"s Sandpiper

® Trmgites subrificollis Buff-breasted Sandpiper




. 3
{— o Hartramia longicauda  Upland Sandpiper

LY ; -
{. Numenius americana  Long-billed Curlew
® Numenius phacopus Whimbrel

® Scolopax minor  American Weodcock

. ] "
]|. Limnodronus grisens  Short-billed Dowitcher

1 4{: Limnodromus scolopacens  Long-billed Dowilcher

=] :: Phalaropus fulicarins  Red Phalarope

. ' \
{ o Phalaropus tricolor Wilson's Phalarope
*  Tringa flavipes Lesser Yellowlegs
o Tringa melanoleuca  Greater Yellowlegs
L]

Tringa sofitaria  Solitary Sandpiper

Tringa selitaria  Solitary Sandpiper

- * -
I. Actitix macularia  Spotned Sandpiper

|r: Callinago delicara  Wilson's Snipe
[ : Limasa fedoa  Marbled Godwit

: Limosa haemastica  Hudsomian Godwit
- .
———-{. Limosa lapponica  Bar-tailed Godwit
41:‘: Arenaria interpres  Ruddy Tumstone
# Arenaria melanocephala  Black Tumstone

. Aphriza virgata Surfbird
.

- & Calidris camutis Red Knot

: Calidris alping  Dunhn

: Calidriz alha Sanderling

.
o Calidris fuscicallis White-rumped Sandpiper
o Calidris imantopus  Stilt Sandpiper

[ ]

= alidris minutiffa  Least Sandpiper

Calidris mawri  Western Sandpiper

.
= Calidris pusilla  Semi-palmated Sandpiper

Calidris melanotes  Pectoral Sandpiper
Divergence
ey . 5 B

o Lalidric bairdii Baird’s Sandpiper

® Tmgites subruficollis Buff-breasted Sandpiper
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When DNA is
combined with a

comprehensive
understanding
of biology, the
picture becomes
clearer.

DNA
_l_

Morphology

_I_
Biology



Ten species in one: DNA barcoding reveals cryptic
species in the neotropical skipper butterfly

Astraptes fulgerator

Paul D. N. Hebert*t, Erin H. Penton*, John M. Burns*, Daniel H. Janzen$, and Winnie Hallwachs?

*Department of Zoology, University of Guelph, Guelph, ON, Canada N1G 2W1; *Department of Entomology, National Museum of Natural History,
smithsenian Institution, Washington, DC 20560-0127; and SDepartment of Biology, University of Pennsylvania, Philadelphia, PA 19104

Contributed by Danlel H. Janzen, August 20, 2004

Astraptes fulgerator, first described in 1775, is a common and
widely distributed neotropical skipper butterfly (Lepidoptera: Hes-
periidae). We combine 25 years of natural history observations in
northwestern Costa Rica with morphological study and DNA bar-
coding of museum specimens to show that A. fulgerator is a
complex of at least 10 species in this region. Largely sympatric,
these taxa have mostly different caterpillar food plants, mostly
distinctive caterpillars, and somewhat different ecosystem prefer-
ences but only subtly differing adults with no genitalic divergence.
Our results add to the evidence that cryptic species are prevalent
in tropical regions, a critical issue in efforts to document global
species richness. They also illustrate the value of DNA barcoding,
especially when coupled with traditional taxonomic tools, in dis-
closing hidden diversity.

YESENN

mitochondrial gene cytochrome ¢ oxidase 1 (COI), whereas
divergences among conspecific individuals average only 0.25%
(11). Similar values were obtained in birds, with intraspecific
divergences at COI averaging 0.27%, whereas congener diver-
gences averaged 7.93% (14).

In this study, the addition of DNA barcodes to data on food
plants, ecological distributions, caterpillar color patterns, and
adult facies indicates that 4. fulgerator consists of 10 largely
sympatric species in the ACG. This result raises the prospect
that, over its huge neotropical range, A. fulgerator may comprise
many more hidden species. Imagine the biodiversity implications
of this result for other wide-ranging, common, and “somewhat
variable™ species of neotropical animals and plants.

SENNOV
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...OR EVEN WORSE

Braconidae: Microgastrinae: Apanteles leucostigmus

becomes Braconidae: Microgastrinae: 36 species



WHEN YOU RETURN TO THE SPECIES,
SUBTLE MORPHOLOGY BECOMES EVIDENT
Braconidae: Microgastrinae: Apa:ntafgs leucostigmus

1

becomes Braconidae: Microgastrinae: 36 species






The Ultimate Dream

COlI:

1 minute,

1 sequence,
1 name,

1 penny.
Radio Shack, | \

barcorder|[$7.99.41
D.H. Janzen
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DNA Barcoding

*Is it just a new tool for m

taxonomy? Or might it also be a -
threat to traditional taxonomy? o,
*Why is its use generating Barcoding Life Towards a DNA Based
controversy among practitioners,
users, funders, etc.
* When does it work? W
* When does it fail? _Sour=
*Why and how can claims about
its utility and accuracy be so

different?

Primordial



Why should we care?
Csumer Fraud
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BARCODE OF LIFE DATA SYSTEMS vz

Advancing species identification and discovery through the analysis of short, standardized gene regions

- Do

Published Proje ser est an Acc enti i | Introductory Tutorial | Docume nitation | Citation

Some Goals

* Build, over the next 20 years, a barcode library for all
eukaryotic life

* Add alignment browser for visualing nucleotide and amino acid
alignments

* Add capacity for multiple sequence markers

* Add nuclear markers

* Include plant markers: ITS, matK, and rbcL markers

* Develop algorithms for discovering new leaves on the “Tree
of Life”

* Consider character-based identifications

* Develop probabillities and certainty values

* Develop algorithms for dealing with hybridization and lineage
sorting (coalescence issues)
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Acrobat Reader - [Smoky Mtns Lepidoptera -1198 sequences 428 species.pdf] - |E||5|
ﬂ File Edit Document Tools Yiew Window Help -|5'|5|
EEENEY NIRRT I, - Iz

I Scardia approximatella|DNA-ATEI-0575 |Tineldae |

' —scardia approximatella|DNA-ATBI-0580|Tineidae|

Perimede |DNA-ATBI-0334 |Cosmopterigidae|Chryacpeleiinae
rstilbosis tesquella|DNA-ATBI-0292|Cosmopterigidae|Chrysopeleiinas

lotilbosie tesquella|DNA-ATBI-0293|Cosmopterigidae|chrvecpeleiinae
Lpoda biguttata|04HBL0O02171|Limacodidae]|
\poda biguttata|04HBLO02170 |Limacodidas |
Lpoda biguttata |DNA-ATBEI-0133|Limacodidae
Lpoda biguttata DNA—ATBI—0134‘Limacodidae

Thumbnails% Bookmarks

Apoda bigquttata|04HBELOQOZ2173
Apoda bigquttata|04HBELOQOZ2174
‘poda biguttata |04HBLOOZ2172

Limacodidas
Limacodidas

Limacodidae|

= |

| IS PCTEE = L O LI T oo L
i e S ey T—

| | il
Lithacodes fasciola|DNA-ATBI-0125|Limacodidae |
. |Lithacodes fasciola|DNA-ATBI-0126|Limacodidae|

Lithacodes fasciola|04HBLOO2176|Limacodidae

Lithacodes fagciola|O04HBLO02200|Limacodidae
Apoda v-1nversum|CO4HELOO2181 |[Limacodidae |
Apoda y-inversum|DNA-ATBI-0137|Limacodidae|
Zpoda y-inversum|04HEL0O02180|Limacodidae|
Apoda y-inversum|04HELO02182 | Limacodidae|
Bpoda y-inversum|DNA-ATBI-0138|Limacodidae |
Ipoda y-inversum|04HELO02502|Limacodidae |

[Packardia elegans |DNA-ATBEI-0576 |Limacodidae |
Packardia elegans|DNA-ATBI-0144|Limacodidae]|
Tortricidia flexuosa|DNA-ATBI-0140|Limacodidae |

Tortricidia pallida|DNA-ATBI-0149|Limacodidae|
Tortricidia pallida|DNA-ATBI-0150|Limacodidas |
(Battaristris|DNA-ATBI-0279|Gelechiidae |Rnacampsinae

|Tortricidia flexuosa|DNA-ATBI-0139|Limacodidae |

Leattaristris|DNA-ATBI-0280|Gelechiidae|Anacampsinae

Untomia albistrigella|DNA-ATBI-0257|Gelechiidae|Anacampsinae

Walshia|DNA-ATBI-0332|Cosmopterigidae|Chrysopeleiinae

Lepidoptera|04HBL0O02217] |

Acolithus falsarius|DNA-ATEI-0573|Zygaenidacs|
rAcrolophus popeanellus |DNA-ATBI-0585 |Acrolophidae|

- rcrolophus popeanellus|DNA-ATBI-0584|Acrolophidae]

Amydria brevipennella|DNA-ATBI-0595|Acrolophidae|

Caloptilia bimaculatella|DNA-ATBI-0601|Gracillariidae|Gracillariinae

Caloptilia blandella|DNA-ATBI-0602|Gracillariidae|Gracillariinae

Caloptilia serctinella|DNA-ATBI-0592|Gracillariidae|Gracillariinae
—Xvlesthia pruniramiella|DNA-ATBI-0590|Tineidae]|

lXvlesthia pruniramiella|DNA-ATBI-0591|Tineidas]|

Anacampsis coverdalella|DNA-ATBI-0309|Gelechiidae|fnacampsinas

jZelleria retiniella |DNA-ATBI-0593|Yponomeutidae
Izelleria retiniella|DNA-ATBI-0594|Yponomeutidae

Isa textula|DNA-ATBI-0131 Limacodidae‘
Taa tevtnlalDNMZ-ATRT-N132 | Tdmarndidas

MW A 11af12 v M B5x11in O = a4




BARCODING LIFE: TEN REASONS TO
IDENTIFY SPECIES BY DNA

Works with fragments
Works with all life stages
Genders are the same
Unmasks look-alikes
Reduces ambiguity
Makes expertise go further
Democratizes access
Open way for electronic handheld guide
. Sprouts new leaves on the tree of life
.. 10. Demonstrates value of collections
&'ﬁ 11. Speeds writing the encyclopedia of life

©CooNoOabhwdE

Hermit Thrush American Robin Bumblebee =~ Honey Bee

http://www.barcoding.si.edu/PDF/TenReasonsBarcoding.pdf



BARCODING LIFE: MORE REASONS TO
IDENTIFY SPECIES BY DNA

12. Phylogenetic signal - a
research agenda for taxonomists
13. A higher benchmark for type series
14. Enables research on minute taxa
(microlepidoptera, nematodes, algae)



Some Problems

* Ideally daughter species should be
reciprocally monophyletic

- Funk and Omland (2003) ARES. 34: 397-
423: only 70% of species in their examples
were reciprocally monophyletic.

* hybridization is especially problematic:
e.g., one haplotype is shared by 5 species
of New England damselflies
- Important shortfall for many large genera
- sloppy sex matters...many animals with
external fertilization have evidence of
hybridization




Some Problems

* ancestral polymorphism may be the most
pervasive problem among closely related
taxa

*an issue with recently speciating a taxa

* deep within-species splits possible:
because haplotypes do not recombine,
any biogeographic splits will linger (until
haplotype extinction)

e.g., sky-island populations from southern
Appalachians usually different from
Canadian haplotypes




Lineages of haplotypes at a single locus: transition from polyphyly
to paraphyly to monophyly during speciation (Avise & Ball 1990)

i Population 1 [solation Population 2 —
speciation of

Pop. 2is
Qj complete at t-3

t3 'v /

T e f) Pop. 2:

{)pll at1on

becomes paraphyly

monophyletic
t-2 i ’

L

E Isolating barrier
divides Pops. 1 & 2:
population polyphyly

t-1 f

! '
(letters = ancestral
gene copies) & All contemporary
| _ O gene copies
| coalesce to “b”
Y T v
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More Problems

* do barcodes work for asexual taxa?

* distances between taxa mean what?

* sometimes too little resolution (recent
splits/taxa: e.g., lacewing song morphs)
may not show up in COI

* sometimes too many haplotypes to make
much sense (Noctua pronuba)




Noctua pronuba|NOCTU1.00|617[0n]bp|Canada.Ontario

- - %
M Itochondrlal Ha Iot eS Noctua pronuba|PPBP-0631|658[0n]bp|Canada.0Ontario —
p yp ‘ Noctua pronuba|UBC-2007-0877|658[0n]bp|Canada.British Columbia
- Noctua pronuba|2006-0NT-0948|658[0n]bp|Canada.Ontario
I n NOCtua pronuba Noctua pronuba|MM01685|658[0n]bp|Finland
Noctua pronuba|UBC-2007-0563|658[0n]bp|Canada.British Columbia
Noctua pronuba|09BBELE-0485|658[0n]bp|Canada.New Brunswick

Noctua pronuba|05-NBSTA-559|658[0n]bp|Canada.New Brunswick
Noctua pronuba|UBC-2007-0876|658[0n]bp|Canada.British Columbia

My thought with the barcodes that that recently

|ntr0duced SpeC|eS Would mOSt I|ke|y have Only a Noctua pronuba|09BBELE-0453|658[0n]bp|Canada.New Brunsw: -"
. . . Noctua pronuba|09BBELE-1395|658[0n]bp|Canada.New Brunsw
Slngle barCOdey Or ma-ybe a- feW If mU|t|p|e Noctua pronuba|07WNP-10212|658([0n]bp|Canada.Manitoba
IndIVIduaIS were Introduced’ and maybe these Noctua pronuba|NOCTU2|639[0nlbp|Canada.Cntario .
. . . Noctua pronuba|04HBL007694609[0n]bp|Canada.New Brunswi
WOUld even tle them to a Source ||ke Chlna, Noctua pronuba|PPBP-1704|609[0n]bp|Canada.Ontario

Noctua pronubal|(04HBL0O07173|616[0n)bp|Canada.Ontaric

England, etc. We're not sure with some species,

Noctua pronuba|MMO1686|658[0n]bp|Finland

like Scoliopteryx |ibatrix’ Lycaena phlaeas’ Noctua pronuba\8:HBLOOBS7EI62§[Dg]bp|Canana.Ontario
. . Noctua pronubal BBELE-1101| 4[0n]bp|Canada.New Brunswi
Pyrhhla eXprImenS, Whether they are natura”y Noctua pronuba|05-CTATBI-0314|658[0n]bp|United States.Connecticut
holoarctlc Or are |ntrOdUCt|0nS by man. SO, I Noctua pronuba\PPBP71797\658[Cn]bp\Canada.Ontar%o
. . Noctua pronubka|PPBP-19451658[0n]lbp|Canada.Ontario
thought a really good test of this premise would be Noctua pronuba|UEC-2007-0878 |658(0n bp|Canada.British Columbia
Noctua pronuba|UBC-2007-0337|658[0n]bp|Canada.British Columbia
NOCtua pronUba because We knOW the year (abOUt Noctua pronuba|UBC-2007-0755]658[0n]bp|Canada.British Columbia
1979) When a Single indiViduaI was found at Noctua pronuba|UBC-2007-0338]658[0n)bp|Canada.British Columbia
. . Noctua preonuba|UBC-2007-0195|658[0n)bp|Canada.British Columbia
Halifax, a port where many European insects have Noctua pronuba|UBC-2007-0753]656(0n bp|Canada.British Columbia
arrlved by Shlp |t'S SyStematIC Spread through the Noctua pronuba\DHOl'_GZBI658[0n]b}?|Ca?ﬁada.Quebec N ,
. ) . Noctua pronuka|UBC-2007-0001|658[0n]bp|Canada.British Columbia
maritime provinces, then west and south in 200 to Noctua pronuba|2005-ONT-222|658[0nbp|Canada.Ontario
. . . . . octua pronubal05- -4911658[0n)bp|Canada.New Brunswick
300 mile increments until reaching Alaska, Florida, e
and MeXiCO in abOUt 25 years. However, When | Noctua pronuba|UBC-2007-0095|658[0n]bp|Canada.British Columbia
Noctua pronuba|UBC-2007-0048(658[0nlbp|Canada.British Columbia
dO the barCOdeS, I See there are = SO far - 14 Noctua preonuba|UBC-2007-0194|658[0n)bp|Canada.British Columbia
different haplotypes for it, several as divergent as SO
0.5 9%. We are told that a divergence of 2 % Noctua pronuba|2005-ONT-2033|658[0n]bp|Canada.Ontario
. . . . . . Noctua pronubal|09BBELE-0456|658[0nlbp|Canada.New Brunswick
usua”y IS Indlcatlve Of fu” SpeCIeS and takes Ilkely Noctua pronuba|09BBELE-0416|658[0n]bp|Canada.New Brunswick
m|”|0nS Of years. NO One has adequately Noctua pronuba\OSBBLEP—OSSDZl\658ﬁOn]prCanada.-Mamitoba ‘
. . . Noctua pronuba|09BBELE-1402]658[0n]bp|Canada.New Brunswick
eXpIaInEd to me how a species with apparently a Noctua pronubal08-JDWBC-3748658[0n]bp|Canada.British Columbia
H H H Noctua pronuba|UBC-2007-0562|658[0n]bp|Canada.British Columbia
Slngle IntrOdUCtlon Can have SO many hapIOtypes’ Noctua Eronuba\UBC72007fU754\658[Cn]b§\Canada.British Columbia
unless hundreds of |nd|v|duals ﬂeW off the boat Noctua pronuba|06-BLLOC-3935]|658[0n]bp|United States.California
. Noctua pronuba|MM04912|658[0nlbp|Finland.Lansi-Suomen Laani
Carrylng many haplotypes. Noctua pronuba|UBC-2007-0339|647[0n]bp|Canada.British Columbia
Noctua pronuba|07PROBE-10571|658[0n]bp|Canada.Manitoba
. Noctua pronuba|06-NCNW-0012[608[0nlbp|lUnited States.North Carolina
Don Lafontalne NOV 2011 Noctua prenuba|UBC-2007-0096|658[0n)bp|Canada.British Columbia
Noctua pronuba|UBC-2007-0564(658[0n]bp|Canada.British Columbia




Noctua pronuba |[PPEP-0631|658[0n]bp|Canada.Ontario
INoctua pronuba | UBC-2007-0877|658[0n]lbpl|Canada.British Columbia
Noctua pronubal|NOCTUL.001617[0n]bplCanada.Ontario

Noctua pronubal|2006-0NT-0948|658[0n]bp|Canada.COntario

Noctua pronuba |MMO1685|658[0n]lbp|Finland

Noctua pronuba |UBC-2007-0563[658[0n]bplCanada.British Columbia

Noctua pronuba| 0SBEEELE-0485|658[0n]bp|Canada. New Brunswick

Noctua pronubal| 05-NBSTA-559|658[0n]bp|Canada.New Brunswick

Noctua pronuba |UBC-2007-0876|658[0n]bplCanada.British Columbia

Noctua pronuba | 09BBELE-0453|658[0n]bplCanada.New Brunswick

Noctua pronuba | 09BBELE-1395|658[0n]bplCanada.New Brunswick

Noctua pronuba |0TWNP-10212|658[0n]bp|Canada.Manitoba
Noctua pronuba |NOCTUZ |[639[0n]bplCanada. Cntario
Noctua pronuba| 04HBELOO7694|609[0n]bplCanada.New Brunswick

Noctua pronuba|PPEP-1704|609[0n]lbplCanada.Ontario
Noctua pronuba | 04HBLO0OT71731616[0n]bplCanada.Ontario

Noctua pronuba|MMOl686|658[0n]bplFinland
Noctua pronubal04HBLOCGST0|602[0n]lbplCanada.Ontario

Noctua pronubal09BBELE-11011634[0n]lbplCanada.New Brunswick
MWoctua pronubal05-CTATBI-0314[658[0n]bplUnited States.Connecticut NOCtua pronUba
Moctua pronuba |[PPEP-1797|658[0nlbp|Canada.Ontaric

MNoctua pronuba |[PPBP-1945|658[0n]lbplCanada.Ontaric

Noctua pronuba |UBC-2007-0878|658[0n]lbp|Canada.British Columbia

Moctua pronuba |[UBC-2007-0337[658[0n]bp|Canada.British Columbia

[
[
Noctua pronuba |UBC-2007-0755(658[0nlbplCanada.British Columbia
[
[

Moctua pronuba |[UBC-2007-0338[658[0n]bp|Canada.British Columbia
Moctua pronuba |UBC-2007-0195[658[0n]bplCanada.British Columbia

Noctua pronuba |UBC-2007-07531658[0n]bp|Canada.British Columbia
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BOLD website: www.Boldsystems.org
Consortium of the Barcode of Life: www.barcoding.si.edu
FISH-BOL: www.fishbol.org
Tephritid Fruitfly Initiative: http://www.barcoding.si.edu/tbi.html

Relevant Resources on Access and Benefits Sharing

CBD website (Bonn Guidelines and the CBD, GTI, and ABS National Focal Points): www.cbd.int/
Swiss Academy of Sciences: Access and Benefit Sharing - Good Practice for Academic Research:
hitp://abs.scnat.ch

For more information please contact:
Consortium for the Barcode of Life Secretariat Office

CBOL is an international initiative hosted by the Smithsonian Institution and
supported by the Alfred P. Sloan Foundation. As of early 2008, CBOL had over 170
Member Organization from more than 50 countries.

National Museum of Natural History
Smithsonian Institution

P.O. Box 37012 MRC 105
Washington, DC 20013-7012

CBOLInfo@si.edu
Tel: +1-202-633-0808; Fax: +1-202-633-2938 CONSORTIUM FOR THE BARCODE OF LIFE
http://barcoding.si.edu e oFoe s
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